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1
A STABILIZED-PLATFORM WEIGHING SCALE OF NOVEL DESIGN
-o
I. INTRODUCTION; SCOPE OF THE PAPER
This thesis treats of the theory and design of a new type
of check-stabilized weighing scale, in which the usual pin-and-link
stabilizing element is replaced by a flexible elastic tape or wire,
a design which eliminates practically all the friction inherent in
earlier stabilizing mechanisms, with the result that the total
frictional resistance of the scale is sensibly independent of the
position of the load on the platform.
By this expedient, which insures through suitable disposition
of the platform, that the stress in the stabilizing element continues
constantly in the sense of tension, -the function of a stabilizing
link being then satisfactorily and sufficiently fulfilled by a flex-
ible connector , -the utility and application of the check-stabilized
scale are greatly broadened and the accuracy of the device is much
increased.
The earlier types of stabilizing elements are illustrated and
the limitations of each set forth. The equilibrium conditions of
the platform and stabilizing element are derived, and the methods
to be used in adjusting the scale are outlined. The paper includes
a discussion of the effects of static friction on the indications
of scales, and shows how the elimination of this friction enhances
the accuracy of weighings.
II. FUNDAMENTALS OF DESIGN OF STABILIZED SCALES
A. Types of Weighing Scales
For the purposes of this paper, weigning scales may be grouped
into two broad classes: those having suspended platforms or weigh-
bridges, and those having stabilized platforms. In tne first of
these two classes is found the suspended-pan balance, familiar in
i
the equal-arm balance used in analytical and scientific work; in
the second class appear most of the weighing scales used in industry
and commerce, the nature of such work being usually such that a
suspended platform or weighbridge would be inconvenient, and cumber-
some. This inconvenience arises principally from two sources: in
the first place, the suspended platform involves the use of chains
or rods by which to hang the weighbridge from the weighing system;
these rods limit the shape and dimensions of the load to be applied,
and tend generally to interfere with the convenient and easy handling
of the load. In the second place, the suspended platform acts as
a pendulum, tending to swing about its point of suspension, due to
the restoring moment which is introduced when its center of gravity
is displaced from the vertical line containing the center of suspen-
sion.
The effect of this harmonic motion of the platform is to inter-
fere with the reading of the indications of the scale, since these
oscillations of the platform and its superimposed load are communi-
cated to the lever system and added to the natural oscillation of the
weighbeam or pointer, causing an irregular distortion of the normal
sine-wave vibration of the weighbeam. The effect of this distortion
is to obscure the estimation of the rest-point or plane of balance
of the scale.
On this account, in the use of a suspended-pan balance, it is
essential to damp out by hand the swinging of the pans, so that the
vibration of the pointer can be accurately observed, and read without
the error which would result from the inclusion of the higher harmon-
ics set up by the vibration of the platform. This necessity of
damping the motion of the pans is a source of much inconvenience
in the use of this type of weighing scale, and for these reasons,

the type is very little used industrially, in spite of its simplicity
accuracy and reliability, having been largely replaced in practical-
ly all applications except those requiring the highest precision,
by the various forms of stabilized-platform scales. This latter
type of scale is very common; examples in great number are found
in the so-called platform scales, in letter balances, wagon and
track scales, etc., so widely employed, in all of which the weighing
platform commonly lies above the plane of the lever system.
B. Stabilizing M echanisms
Two principal arrangements for stabilizing the platform have
been commonly employed. (The term stabilizing is used to denote the
constraining of the platform to motion in a properly defined path,
independently of the position of the load upon such platform.)
The first type of stabilizing mechanism is shown in the diagrammatic
sketch, Pig. 1, which illustrates the weighing mechanism of the
four-point-support type, this mechanism being a very common one
for scales of moderate and large capacity.
It will be seen that the platform is supported on two pairs of
pivots or knife-edges, each of the triangles below the platform feet
representing one pair of collinear knife-edges. As the platform bear-
ings are held in contact with these pivots by the weight of the
platform and the load it carries, the two pairs of bearings must
assume the motion of the corresponding pairs of pivots; in this
manner, the motion of the platform is determined at all phases of
its vibration, and the platform is therefore stabilized.
Now it will be noted that this type of scale requires four
pivots (or two pairs of collinear pivots) to support the platform,
and in order that the motion of the platform proceed always into
planes parallel to any assumed initial position, (which is the neces-

Fig. 1 . Diagram illustrating construction
of common form of platform scale, the plat-
form of which is stabilized by being support-
ed at four points in a plane. Reproduced
from the author's paper, "Weighing Scales',' in
MACHINERY, Jan. 1916.

sary criterion for accuracy of weighment independent of the position*"
of the load on the platform) the lever arms of which these knife-
edges form the pivots must be accurately adjusted to equality with
each other.
Such adjustment being somewhat difficult, and too expensive
to permit the making of this type of scale at the low cost needful
for scales of small and moderate capacity in some applications,
another type of stabilizing element has long been used, in which
the platform is carried on but one knife-edge, or one pair of colli-
near knife-edges, the parallel motion of the platform being provided
for by a link work so adjusted that every part of the platform
describes, when oscillated through a small excursion, identically
the same vertical displacement. This is equivalent to a statement
that the linkwork is so designed as to resist only horizontal forces
arising from non-central placement of the load, or unsymmetrical
weight distribution in the platform itself, all vertical components
of forces due to the weight of the load being transferred, unchanged
in amount, to the weighing mechanism of the scale.
C. Force Relations in the Check-Stabilized Scale
Fig. 2 illustrates in diagram the construction of a scale having
the properties set forth above. It is seen at once on examination
of the figure, that the total vertical component of the load on the
platform and the weight of the platform itself, is supported on the
load knife-edge, the lower bar 2 of the linkwork assuming only the
horizontal component which appears when the center of gravity of the
platform load and of the platform itself, combined, lies outside of
the vertical plane containing the axis of the load knife edge.
It is to be noted here that, as actually constructed, scales of
this type are usually characterized by compactness, portability,

Fig. 2. Diagram showing construction of ordin-
ary check-stabilized postal scale, having the
pin-and-link type of check-rod. The force dia-
gram at the right gives the solution for the
stress in the check-rod, and for the reactions
at the load and fulcrum knife-edges.



ruggedness and durability, while their manufacture is not expensive
and their adjustment is easily performed and not easily deranged.
However, a study of the mechanics of the scale, and experience
in its use, lead us directly to a knowledge of certain serious
defects, and it was in the experimental investigation and analysis
of these defects that the present invention which forms the subject
of this paper, was evolved. We will proceed to consider in some
detail the nature and causes of the difficulties above alluded to.
The diagram of Figures shows in dotted lines, a load whose
weight is equal to L, its center of gravity being located at a dis-
tance x from the vertical through the load knife-edge (3,4). Given
the nomenclature of Fig. 2, and calling T the stress in the link 2,
we obtain, by summation of moments about (3,4),
ZM= Lx-G
x
k-Th=
T = Lx - a
x
k j ,
H * '
and by summation of forces in the X and Y directions,
^F
y
=
-L - G
X
H- R
y
= 0, or Ry
= L + G x (2)
2FX= -Rx+ T or Rx = T (3)
tancc= Rv = L f a, .
T (4)
*x
Substituting the value of T from (1) in (4), we obtain,
tan <x~ (L + GL)h
Lx - 1k (5)
This solution is given graphically in Figure 2, and the force
diagram is there extended to include a solution for the reaction
at the fulcrum pivot also. As is shown by the above derivation,
-
in all cases in which the resultant of the weights of the platform
and the superimposed load does not lie in the plane of the load knife

Fig.3 • Check-stabilized computing scale
a sort in common use in retail trade.
of
Fig. Check-stabilized, unequal arm beam
scale (non-automatic). This convenient and
compact type of scale is much used in the
hardware trade and in similar lines of bus-
iness.
Fig. 5 . Check-stabilized, equal-arm beam
scale. With this type, loose weights are
required, in amount equal to the weighing
capacity. Being inexpensive and, on account
of its simple construction, long-wearing and
reliable, it has been much used in small
business of every sort. When the loads are
carefully centered on the pans, the scale
will weigh with very satisfactory accuracy.
To all of the familiar commercial forms illustrated in
Figs. 3, 4, and 5, the invention which forms the subject
of the present paper is directly applicable.
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edge,- a stress is introduced into the link 2, which is called the
stabilizing link, stabilizing-check, or check-rod, this stress
being longitudinal, and in magnitude varying directly as the distance
of the combined center of gravity of the load and platform from the
vertical plane containing the load pivot, and inversely as the length
of the link 3.
Now this introduction of a stress in the bar 2, with the appear-
ance of reactions at the journals (1,2) and (2,3), involves friction-
al resistance to turning at those journals. It is a fact that incheck-
slabilized scales as commonly constructed, this friction is detrimen-
tally large in amount, resulting from the necessity of making the
platform dimension in the X direction reasonably large, and of
keeping the length of the bars 1_ and 3 of the linkwork rather short,
in order that compactness be not sacrificed.
The motion of a vibrating scale beam is given by an equation
of the form
in which is the angular amplitude of the vibration at any phase,
t the time, to the angular velocity, and A and a are constants.
This equation is derived under the assumption of frictional
resistance proportional to the first power of the velocity, an
assumption which the author's experiments have shown to be reasonably
accurate for a weighing scale at moderate and large amplitudes of
oscillation, where the preponderating portion of the damping is that
due to the fluid friction of the medium (air) in which the scale
parts oscillate. At very small amplitudes, the air resistance becomes
small in comparison with the inelastic resistances of deformation of
the knife-edges and bearings, and the wave form deviates in an
D. Dynamical Considerations
&= Ae"~at sin6) t
, (6)

irregular manner from that above defined, due to a distinct change
in the type of friction.
It may be stated as a general principle that in any weighing
scale, all frictional resistances which do not vanish at aero velo-
city of the moving parts, are disadvantageous and productive of error
in that they cause uncertainty or variability in the readings of
the apparatus. Fig. 7 , which is an actual curve of the excursions
of a vibrating scale beam on a time base, indicates the cause of these
errors; it will be seen that the final rest-point is subject to var-
iation, depending upon the amplitude of the initial excursion and
the direction or sense in which that excursion is made. The curves
of Figs. 7 and Q are reproduced from actual oscillograms taken by
photographic means on a scale of the type illustrated in Fig. 2.
We may neglect for the present purpose, the effect produced by
varying the position of the load upon the platform, and the concomi-
tant effect of such variation upon the absolute value of the friction-
al resistance at any given phase. It will be readily understood with-
out special illustration here, that for a given magnitude and sense
of the initial excursion, such change of load position alone would
#
alter the final rest-point.
1. Means of Determining Rest-Foint. A weighing scale may have
its indications read in one of three ways. If the damping is slight,
as in the case of precision balances, the position of the rest-point
is closely approximated by talcing the mean of two, three or more
excursions of the pointer over a graduated scale or arc; or second,
by waiting for the balance to come to rest, reading then the final
position of. the pointer; or third, by damping the balance artifici-
ally so as to make it approximately dead-beat. It can easily be
shown that none of these methods can give accurate results on a

Fig. € . Curvesof damped oscillations, repro-
duced from photographically-recorded oscillo-
gram, this being a vibration of the form,
0- Ae~at sincat.
The horizontal axis is that of time, while the
vertical axis is that of angular displacements
from the initial plane of balance.
The value J0g gives a measure of the amount
of the damping^
The values of the load corresponding to
each oscillogram are recorded in each case.
For example, in the curvesof this figure, a
is the oscillation for the scale with a load
of 3.000 lb., the distance x from the vertical
plane through the load knife-edge being 4.7".
In b, an increment of .002 lb. has been added,
and~in c, an additional .002 lb. At d, both
increments have been removed together, and at
e, both have been readded, together. Note the
accuracy with which the axes of a and d, and
of c and e, are collinear, respectively.
The curves of this figure are taken from
a scale having the type of stabilizing link
presented for the first time in this thesis .
Fig. 7 . Curves taken in a manner similar to
those above, but on the old type of scale,
having the pin-and-link check-rod. Curves
a and b are for identical conditions, the
scale simply being allowed to come to rest at
the end of a and restarted for b . Note the
variability of rest-point here exhibited, and
expressed analytically in the equations accom-
panying the figures.
Fig.8. Scale of same type as the above, but
a different specimen. The capacity of this
scale is 20 lb. , and yet a large damping and
variability occur with a load of only 3 lb.,
displaced but 2.8" from the center of the
platform, which lies in the vertical plane
through the load knife-edge.
These figures illustrate clearly
the conception of "uncertainty of indication",
discussed in the text.



balance which has any appreciable static friction.
If the first method be used, the mean of three excursions will
lie to one side or the other of the virtual rest-point, according
to the direction in which the first recorded swing was made; likewise
if the second method be used, the rest-point of the balance will
not be definite, but will depend upon the total number of excursions
it has executed before coming to rest, and if the balance is read in
this way, every slight difference in the manner in wnich the balance
is set in motion will result in a different rest-point. In the third
method, when the balance has static friction, the rest-point will lie
invariably on a determined side of the true point of balance, depend-
upon the direction in which the single and final excursion has been
made; in other words the excursion, no matter from which direction
executed, will be consistently too short, and the final reading will
be in error either in excess or deficiency, according as the reading
has been taken at decreasing or increasing load.
We have seen then that in no case can a balance which has static
friction give correct readings of the rest-point. No proof is needed
to show that upon the determination of the true rest-point, the accur-
acy of all weighing depends. In the ordinary platform scale we adjust
by trial the equilibrating forces until the end of the beam plays,
as closely as can be judged, in the center of the trig-loop. (Refer
to Pig.l ). In another group of scales, similar to that illustrated
in Fig. £
, the reading of the balance is made with reference to
an estimated horizontal plane, the arc of oscillation of the beam
being purposely made rather large so that deviations from the hori-
zontal plane can be observed and varied by suitable alteration of
the load or counterpoise weights.

2. Limitations Imposed upon Sensibility . On account of this ^
factor of uncertainty in the indications of scales of certain types,
and in especial in the case of check-stabilized scales, it has been
the regular practice, and in fact requisite, in order to give such a
scale a satisfactory and practical definiteness of rest-point, to
refrain from adjusting it to a high sensitiveness, since when a scale
J
is very sensitive, uncertainties of indication are made clearly per-
ceptible to the eye as deviations of the pointer or weighbeam from
a given plane of balance when repeated weighings are made of the
same load. The reason for this condition lies in the fact that in
a very sensitive scale, the restoring forces, that is to say those
forces which tend to propagate tne oscillations, may be actually
smaller than the resisting force of the static friction opposing the
motion. When this condition obtains, the scale may even take up any
rest-point indifferently, appearing to be in neutral equilibrium,
while in point of fact the mechanism is geometrically stable, and
capable of executing harmonic vibration if the frictional forces
could be withdrawn.
The inherent sensibility of a scale apart from the effects of
static friction, is usually capable of adjustment to almost any
desired value; but it is obvious that if the virtual sensibility
be so high that the scale is sensitive to a far smaller quantity
than it will repeat to in successive weighings, no advantage is had,
but rather, the result is disadvantageous in that the user will be
confused, and his ignorance of the cause of the discrepancy will lead
to his distrust of the scale for any work, even work of a requisite
precision sufficiently low that the scale may be entirely suited to
it.
On this account, scales of this sort having considerable static

Prior Types of Friction-Reducing Stabili zing-Checks
Fig. 9 . This type of check-rod has a V-bear-
ing at each end, engaging with a knife-edge
having its axis vertical. Its capacity to
sustain longitudinal loads is deterrained as
in the force diagram shown: this capacity is
very small, making the device useful only in
one or two restricted applications.
Fig.IO. Ball-bearings used for the pivots (1,2)
and (2,3). Requires accurate machine work
and careful adjustment, and is susceptible
to the effects of dirt and corrosion. More-
over, the friction of ball-bearings, under
the best conditions, is much greater than
that of analogous knife-edge or flexure-
plate constructions.
Fig. 1 1 .Pairs of opposed knife-edges at each
end, in contact with coplanar vertical bear-
ing faces. An additional knife-edge at each
end must be provided at m to support the
weight of the check rod at the proper center
of rotation. The enlarged section shows the
effect of end-shake and wear in introducing
a cramping or binding action.
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friction are commonly adjusted to be so insensitive that the devia-
tions from constancy of rest-point can hardly be detected by the eye
unaided by some special means adapted to magnify the deviations of
the indicating element. It has hitherto been erroneously assumed
that this low sensitivity was a fault inherent in the general type
of check-stabilized scales, whereas, as has here been indicated, it
has been necessitated solely by the failure of the scale, on account
of friction, to return to the same position of balance under a cons-
tant value and disposition of load.
III. ELIMINATION OF FRICTION IN THE STABILIZING—CHECK
A . Prior Types of Friction-Reducing Stablllz ing-Checks
The generality of application of this principle of uncertainty
of rest-point in a scale having appreciable static friction now being
recognized, it will be well to note briefly the expedients which have
been devised in an attempt to reduce the friction arising in the
stabilizing check. In the three illustrations following, Figs.9 3 IO
and 11 , the principal means which have been resorted to with the ob-
ject of reducing this friction are shown and described. None of
these expedients has proved thoroughly satisfactory; the reasons
therefor will appear upon a study of the figures and the legends
which accompany them.
B. The Present Design Outlined and Applied
Figs. 12 and 14 illustrate the application of the present invention
to two common kinds of check-stabilized scales, the so-called postal
type with sliding poise, and the equal-arm, stabilized-pan counter
scale. It will be seen that the platform has been so disposed as
to lie entirely to one side of the load knife-edge. The effect of
this is that stresses in the stabilizing-check are always in the
sense of tension. The usual stabilizing-check is replaced by an

elastic tape or wire (or a plurality of such tapes or wires) having
a free length between the faces of the clamps at its ends, equal
to the distance between the contact lines of the fulcrum and lead
knife-edges. Now since provision has been made that the stabilizing-
check will always be under tensile stress, the tape will be taut, and
the mechanism, "force-constrained".
Furthermore, since the tape is elastic, the energy absorption in
it as the scale oscillates is practically zero, and this condition
will hold for any position of the load on the platform, so long as
such position of the load does not induce in the tape a stress in
excess of the elastic limit of the material.
1. General Principles of Des ign. The displacement of the load to
be weighed, from the position of minimum stress in the check-rod to
the position of maximum stress, will have practically no effect on
the flexural elasticity of the tape, and the only friction attendant
upon the stabilizing device is the very small molecular friction,
which has been termed for lack of a better name, "mechanical hyster-
esis". As is well understood, this is very small in amount in the
case of the more elastic metals, and in scales constructed in the
manner illustrated, certainly of an order not greater than the knife-
edge friction. At any rate, this friction will be entirely neglis-
ible for any commercial application of the scale, and probably in
any ordinary laboratory application as well.
A study of the information at present available on the phenom-
ena of mechanical hysteresis enables us to suggest the direction in
which designers of weighing scales may seek to obtain a minimum en-
ergy absorption from this cause, and to this end we may generalize
as follows:
The tape should be thin in proportion to its width, in order

Fig.l"2. Unequal-arm postal scale, similar in
general design to that shown in Fig.
,
but
equipped with the author's new stabilizing-
check, The pin 11 is for the purpose of detaining the
lower end of the platform stem, so as to pre-
vent buckling of the tape, in case the scale
is violently jarred, or handled in such a
manner as to turn the platform structure in
the counterclockwise sense.
Fig. 13. Plan view of tape and clamps. At lj3
are shown pins driven in to retain the tape
permanently in position, independent of the
friction of the clamps.
Fig. 14*. Diagrammatic representation of an equal-
arm beam scale, equipped with the new stabiliz-
ing-check. This is similar to the scale shown
in Fig. .
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Fig. IS. Illustrating the application of the
elastic stabilizing link to a scale in which
the stabilizing element is above the plane of
the beam.
Fig.lG. Illustrating the use of a wire in
place of a tape, as the stabilizing link.
This construction may be desirable in scales
of very small capacity.
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that purely flexural stresses may be small, that the effective center
of relative motion at each of the joints (1,2) and (2,3) may be as
definite and as near to the clamp faces as possible, and that the
effect on the sensibility of the scale, of the temperature coefficient
of Young's modulus may be negligible. The opposing faces of the
clamps which secure the tape, are to be straight and parallel to the
knife-edges of the beam, while the tape should be so adjusted in its
clamps that its whole width is under approximately uniform stress.
The tape should be of most elastic material, e.g., tempered
carbon steel, unless for certain commercial applications, incorrodi-
bility be so essential that the highest elasticity may be sacrificed
for endurance under humid or acid atmosphere, in which case any of
the strong and elastic bronzes will serve well. Steel tapes, of
thickness from .001" up, and of various widths, are available commer-
cially at low cost.
a. Knife-Edge_Reacti ons_Inc lined. It will be seen in Fig. 17
that the load and fulcrum knife-edges are somewhat inclined toward
the quadrant opposite the platform, the purpose of this being to
approximate the mean position of the reactions at these knife-edges,
so that the scale will be as nearly as possible immune against slip-
ping of the knife-edge on its bearing in a direction perpendicular to
the line of the pivot. No rational method can be given for the
choice of the angle of inclination of the knife-edge, since the de-
termination of the most favorable angle will depend upon the manner
of weighing and the bulk of the material weighed* but it is hardly
to be recommended that the knife-edge be inclined in the direction
of the mean reaction for the full load of the scale displaced to the
extremes of the platform, since the full load equivalent to the
capacity of the scale would commonly be of such bulk in relation to

Fig. 17". Unequal-arm beam scale with sliding
poise, comprising the present invention.
This scale is being built for experimental
purposes in the shop of the Bureau of Standards.
In this scale, the knife-edges and bearings
have been made adjustable to various incliaa-
tions, so as to permit of studying the slipping
of knife-edges in their bearings in a direction
transverse to the knife-edge axes.
The beam of this scale comprises a novel
form of notch provision devised by the author,
to establish with exactitude the increments
of motion of the sliding poise, the notches
being constituted by the contiguous surfaces
of the upper hemispheres of a row of steel
balls set in a straight line and making contact
with each other along that line. The extremely
high accuracy of commercial bearing-balls to
equality of diameter and sphericity affords
an ideally accurate notching, which will
not require the tedious, point-by-point adjust-
ment by hand, which has formerly been requisite
in the case of accurate weighing scales having
notched beams. It has been impossible in the
case of track scales, for example, to machine
the usual triangular notches accurately enough
to eliminate the necessity of subsequent hand
adjustment.
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the dimensions of the platform that it could not be so far displaced
from the center. A "better basis will be to determine the mean or
raid-direction of the reaction for a load equal to one-half the cap-
acity of the scale, when the center of gravity of the load is dis-
placed from the extreme left edge of the platform to the extreme
right edge of the platform, taking proper account of the weight of
the platform itself.
It may be well here to call special attention to the fact,
already to be inferred from equation 1 on page T , that the pan struc-
ture need not lie entirely to the one side of the vertical plane
through the load knife-edge, since, in order that the tape remain
in tension for all loads, and all positions of any load, it is neces-
sary only that the resultant center of gravity due to the weight of
both the pan element and the load superposed upon it, lie on the
proper side of the vertical plane through the load knife-edge, to
produce a moment of such sense that it can be resisted by a tensile
stress (greater than zero) in the stabilizing tape. In equation (1)
this is equivalent to a requirement that T be positive and greater
than zero.
For the designing of this type of scale, (and the same applies
to many other sorts as well) it should be said that the graphical
method will ordinarily be the most useful, as being the simplest, and
suggestive of the true sense of the several forces and moments in-
volved. FigureS shows the graphic analysis of the forces, giving
solutions for the magnitudes and directions of the reactions at
(3,4) and (4,1).
Since in the present design the constancy of direction of the
reaction in the check-rod is assured, it will be possible and prac-
ticable, if for any reason it appear desirable, to use knife-edges

in the stabilizing mechanism; and the difficulty to which attention
was directed in the legend of Fig. 11 will not exist. A single pair
of opposed, horizontally-directed knife-edges, acting at each extrem-
ity of a simple flat bar slotted so as to provide suitable V-bearings,
will serve to provide a mechanically satisfactory stabilizing link.
It is doubtful, however? whether such an arrangement will show any ad-
vantage over the flexible tape, the latter being easier to adjust
and assemble, and not liable to derangement by the parts' falling out
of engagement.
IV. ADJUSTMENT OF THE SCALE
The adjustment of this type to correctness of reading may be
considered to comprise the following individual adjustments:
1* Adjustment of the ratio of lever arms of the beam, if the
beam has three knife-edges; or adjustment of the weight of the slid-
ing poise to correspond correctly to the distance between the load
and fulcrum knife-edges, in case the beam has but two knife-edges.
2. Adjustment of the linkwork so that the accuracy of indication
is independent of the position of the load on the platform.
3. Adjustment of the linkwork so that the sensibility of the
scale is independent or the position or the load on the platform.
A. Adjustment of Ratio of Lever-Arms
The first or these adjustments is common to all types of lever
scales, and consists merely in adjusting the spacing of the pivots
or imife-edges, so that the actual arm-ratio of the beam is in agree-
ment with the figured arm-ratio, the details of the adjustment de-
pending upon whether the scale is equipped with a hanging counter-
poise suspended on a pivot at the end or an invariable arm, or is
equipped with a fixed weight sliding poise establishing a variable
lever-arm. This adjustment is a matter of manufacturing detail

and needs no discussion here.
B. Adjustment of Parallelism of Links
The second and third of the adjustments named above are not
of equal importance. Clearly, since the load to be weighed can in
practice never be exactly centered on the platform, it is in the
highest degree essential that the scale be so adjusted that the read-
ing of the weight of the load obtained is independent of the position
of tne load. This adjustment requires that the two horizontally-
directed^ bars of the figure 1234 be exactly parallel. FigurelSshows
the reason for the variation in reading obtained when these bars,
2 and 4, are not parallel. It will be seen that under these conditions
the stabilizing check is subjected to a force which has a vertical
component depending in magnitude upon the position and value of the
load upon the pan. The effect of this vertical component is to
increase or decrease the apparent weight of the load, as the vertical
component of the reaction is directed upwardly or downwardly. If
the links 2 and 4 were parallel, no upward or downward component
would appear in the reactions at the points of connection of the
stabilizing link when the scale-beam is in its horizontal or null
position.
We may now proceed to consider the third requirement of adjust-
ment. It will be appreciated that this requirement is not of para-
mount importance in the case of commercial scales, since practically
all such are read by the null method, the beam being equilibrated in
1 In the following discussion, the beam and the bars 2 and 4 of
the quadrilateral are for convenience spoken of as horizontal, and
the bars 1 and 3 as vertical: this is; however, non-essential, being
adopted because of the usualness of this design, and for simplicity.
The reasoning can be generalized to include any definite, recurring
null-position, whether inclined or not.

Pig. IS. Faulty adjustment, links 2 and 4 not
parallel. The effect of this condition is to
introduce at the joint (2,3) a reaction having
a vertical component, as resolved in the force
triangle shown in the figure, the value of
this component depending upon the magnitude
and position of the load on the platform, and
upon the sense and amount of the inclination of
the link 2. This vertical component acts to
increase or decrease the apparent weight of the
load being weighed, according as the component
acting on the link 3 is directed downwardly or
upwardly
.
Fig. 19. Faulty adjustment, links
_1 and 3 not
parallel. Since, under this arrangement, links
2 and 4 are parallel when the beam is horizontal,
no error is introduced so long as the beam is
read in this position, as no vertical component
of the reaction at (2,3) appears. However,
when the beam is deflected, links 2 and 4 no
longer remain parallel, and the vertical
components at the joints (2,3) and (3,4) are
unequal, leaving a net free component either
increasing or decreasing the effect of the
restoring forces in returning the beam to
its null-position. As explained in the text,
this status practically affects only the
sensibility of the scale, when the position
of the load on the platform is altered.



the process of weighing so as to conie to rest at or swing in equal
arcs about the horizontal position. This being the ease, no moderate
variation in sensibility can have serious effect, provided that all
values of the sensibility are high enough to meet the requirements
of the work for which the scale is to be used.
It will be seen in Fig. 19 that, so long as the beam is read
in the horizontal position, the reaction at the points of connection
of the stabilizing-check is horizontally directed; since no vertical
component exists, the force at the load knife-edge imparted by any
increment of load when the beam is in that position, is independent
of the position of the load. Moreover, it will be seen that as soon
as the beam is deflected from the horizontal position, the bars
2 and 4 being unequal in length do not move in parallel paths but
become inclined to each other, so that a vertical component of the
reaction is set free. This, it is to be understood, affects the
restoring moment of the weighing system, of which the sensibility is
the direct function, and if the scale were to be read by deflections,
as i3 a precision balance, serious error might result, since the
load equivalent of a given angular deflection from the position of
balance would depend upon the position of the load on the platform.
It will be seen also that if the load and counterpoise weignts are
varied by trial as in the ordinary process of weighing, so that the
beam finally comes to rest in the horizontal position, no error will
result, as in this position no vertical component of the tension
in the tape exists.
Brief notice may, however, be given the fact that in the case
of a very sensitive scale of this type, difficulty might be encoun-
tered on account of the above-described deviation from constant sens-
ibility, in that, for certain positions of the load on the pan, the

scale might become unstable or accelerating, which is merely a con-
dition of negative sensibility occuring when the point of neutral
equilibrium (infinite sensibility) has been passed.
The above is of significance chiefly in showing that the adjust-
ment of the bars 2 and 4 to exact parallelism is of minor importance
and hardly of consequence in commercial scales. It is on account
of this fact that in the new type of stabilizing element presented
in this paper, the slight displacement of the centers of relative
motion in the tape, toward its center, due to such rigidity as it
possesses, is of little importance, and need not be more than approx-
imately and empirically corrected for. This slight displacement of
the centers (1,2) and(2,3) away from the faces of the clamps can be
compensated for by making the distance between the inner faces of the
clamps slightly in excess of the distance (3,4)-(4,l).
It is to be understood that some elastic effect will be intro-
duced by the stiffness of the tape, especially when the tapes are
made relatively thick to withstand large loads or hard usage, but
no difficulty will be encountered on this account, as the additional
restoring moment coming from the resilience of the tape can be com-
pensated for by suitable reduction of the restoring moment of the
beam, by adjusting its center of gravity closer to, or even in ex-
treme cases, should it prove necessary, by locating the center of
gravity of the beam above, the fulcrum knife-edge.
C • Making the Adjustment Se cure.
After the adjustment of the tape is completed so that the effect-
ive length between centers of flexure is equal to the distance be-
tween the load and fulcrum knife-edges of the beam, some means should
be applied to maintain this adjustment permanently against the shocks
of handling incident to use. While, during the process of adjust-
t

merit, the tape is firmly held by the friction of the clamps,
the permanency of the adjustment after its completion may be assured
by tightening the clamping-screws or bolts, then grinding off the
screw-driver kerfs or locking the nuts in some convenient way. Next,
holes are drilled through both jaws of each clamp, and into these
holes are driven tightly-fitting pins, the outer ends of which are
ground off flush with the surfaces of the lower clamp jaws. This
arrangement will serve to secure the tapes against gradual slippage
or sudden release under the friction of the clamps. Other means of
performing the same service are familiar to makers of cam scales,
in which the ends of the tapes must be securely attached to the cams
upon which the tapes wind.
V. CONCLUSIONS
The stabilizing device described in this paper has many useful
applications. Its elements are of the utmost simplicity, and its
construction and adjustment offer no peculiar difficulties. Its
manufacturing cost should be little if any in excess of that of
the earlier types, while the broadness and utility of the applica-
tions of check-stabilized scales are by it much enhanced.
A « Limitations on Sensibil ity Largely Removed
On account of the fact that the designer is not limited to a
low sensibility by the presence of a considerable friction which
will mask the indications of the scale and make a high virtual sensi-
bility of no practical value, the present design permits the appli-
cation of the convenient and compact check-stabilized scale to uses
from which its deficiencies have hitherto excluded it.
For example, druggists' counter scales, and even prescription
scales can be made in accordance with the designs herein set forth;
while in the laboratory, where the unsatisfactory "trip-scale" and

the combination check-stabilized and four-point-support stabilized
scale, long known as the "union" scale, have been much used for the
weighing of large samples outside the capacity range of the available
suspended-pan analytical balances, the present design will perform
a useful service.
Moreover, its utility is not limited to these relatively large
capacities; for, by making the stabilizing element of very flexible
and elastic construction, as will be attainable by the use of a
quartz fiber, or a plurality of such fibers, the utmost delicacy of
action can be secured without sacrifice of accuracy, provided only
that the finish and accuracy of adjustment of knife-edges and bear-
ings be of the same high order as would be required in a suspended-
pan balance for work of equal precision.
Most of the computing and other automatic scales used in retail
trade, except the common hanging-pan spring scale, are of the check-
stabilized type, and the friction of the old type check-rod has been
a source of serious difficulty on account of the limits it imposed
on the delicacy of action of the scale, preventing the scale from
accurately repeating the reading at a given load. The present de-
sign can be readily applied in the construction of these scales, as
well as to the non-automatic types hereinbefore discussed. In many
of these computing scales, in order to obtain as great as possible
a length for the vertically disposed sides of the parallelogram, the
check-rod has been placed high above the platform, so that the great-
er space available in the upright structure of the scale could be
used to house the long platform stem and the fixed link. The present
design lends itself quite as well to this arrangement, using the
above-platform disposition of the stabilizing link, and such a modi-
fication of the mechanism is illustrated in Fig. 15 ; for simpli-

city of delineation the application there shown is a non-automatic
scale
.
B . Immunity from Effects of Dirt and Corrosion
In cases where the scale is exposed to much dirt or moisture
or corrosive fumes, the tape can he made of some non-rusting material
of suitable elR.stic properties, or if it is found desirable to use
steel, it can he perfectly protected by a strong coating of elastic
varnish or lacquer, or perhaps by electro-plating. The scale will
be better protected against deterioration under tnese severe condi-
tions than any of the previous types , in any of which latter a
slight accretion of rust or foreign matter upon the turning pairs of
the check-rod may easily cause a serious binding and derangement of
the scale. An examination of Figs. 9 ,10 andllwill show the suscepti-
bility of these earlier types to the effects of dirt and corrosion.
c • Increase in Capacities Feasible
The scale we have described can be used for higher capacities
than the old type; in fact its use can be extended into the field
usually considered solely satisfied by the four-point-support type
of stabilized platform scale, the reason being that the practical
absence of friction in the stabilizing element will permit scales
of large capacity to be produced without restriction to the very
small platform dimensions that would be requisite in the older forms
in order to keep the frictional moments reasonably low.
In this connection, attention should be called to the fact that
the general type of stabilized scale here considered, whether using
the rigid or the elastic stabilizing link, is exposed to derangement
when the platform load is large and far displaced, due to the slip-
ping of the load knife-edge, (or less probably the fulcrum knife-edge)
within its bearing, destroying the parallelism of the linkwork. The
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effect is of course due to the growth of the component of the knife-
edge reaction in the direction of the contiguous face of the bearing,
to a value larger than the static friction of the knife edge against
sliding in a direction perpendicular to the pivot axis. Two means
are suggested for reducing the likelihood of this occurence, although
it should be borne in mind that the condition named will not ordinar-
ily arise except in the case of abnormally large platforms or large
weighing capacities.
Assuming that the angle of the bearing has been well adapted to
the angle of the knife-edge, and the knife-edge properly inclined in
accordance with the mean obliquity of the reactions, the most useful
expedients which suggest themselves, to eliminate the appearance of
the difficulty named, are:
1. The use of an arrestment, as is common in foreign-made scales
of every sort, adapted to return the load and fulcrum knife-edges
accurately to their proper contact lines before each weighment. Such
a device also has the effect of greatly increasing the life of a
scale, in that it protects the knife-edges from wear except at such
times as loads are actually being weighed.
2. The use of flexure plates instead of knife-edges, similar
to the designs of Mr. A. H. Emery, as used in his testing machines
and railroad track-scales. By the use of this form of pivot the re-
lation of pivot to bearing, and consequently the constancy of the
parallelogram adjustment, would be definitely assured under all con-
ditions of loading. So constructed, the scale would have flexural
pivoting throughout, for both load-supporting and load-stabilizing
functions,- an interesting generalization from the device which forms
the subject of the foregoing paper.
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The commercial advantages of the scale described in the fore-
going thesis may be recapitulated as follows: the limitations hither-
to imposed on the attainment of a high sensibility have been practic-
ally set aside, whereby the convenient and compact check-stabilized
scale has been made available for a wider range of use; the new
type of construction is less susceptible to the effects of dirt and
corrosion; and finally, it can be used for scales of greater capac-
ities and greater platform dimensions than was possible in the case
of antecedent forms of the check-stabilized scale.
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To all whom it may concern:
Be it known that I, Frederick J.
SchlinKj a citizen of the United States, and
an employee of the Bureau of Standards,
5 United States Department of Commerce. :i
legal resident of the State of Illinois, resid-
ing in the city of Washington, in the District
of Columbia, (whose post-office address is
1425 T street, NW.,) have invented new and
10 useful Improvements in Weighing-Scales,
and have made application by petition of
even date herewith, under the act of March
3, 1883, chapter 143, (22 Stat., 625,) pray-
ing that Letters Patent therefor may be
15 granted to me.
The invention herein described and
claimed may be used by the Government of
the United States or by any of its officers or
employees in the prosecution of work for
20 the United States, or by any person in the
United States, without payment of any
royalty thereon.
The* following is the specification of the
invention
:
25 My invention relates to an improvement
in stabilizing devices for weighing scales.
The object of my invention is to provide
a stabilizing mechanism for a scale pan or
platform sensibly free from friction and
SO not subject to the relative large and vari-
able frictional resistances which occur in
scales equipped with the usual forms of
stabilizing devices.
The stabilized scale is usually distin-
35 guished by having a platform or pan lo-
cated above the knife edges in the weigh-
ing beam or lever, and the mechanism for
stabilizing said pan and constraining it to
move in parallel.planes is called the stabiliz-
40 ing mechanism. In the ordinary forms
which are familiar in the numerous postal
and package scales of small and moderate
capacity the stabilizing link or element is a
simple flat bar provided at each end with
45 holes through which respectively pass pins
connecting the bar at one end to a fixed
part of the scale and at the other to the ver-
tical stem supporting the platform. The
length of this link between centers of pin
50 holes, in order that the weight indicated
shall be independent of the position of the
load on the platform, is required to be
equal to the distance, between the load and the
fulcrum knife edges of the beam. The pins
55 at either end of the link form pivots. When
the load on the platform is displaced from
the center of said platform in the direction
of the longitudinal axis of the beam, a stress
is set up in the stabilizing link accompanied
by reactions at each of the pivots above j-
mentioned, and for all such non-central
placement of the load a considerable and
variable friction will be introduced at these
connections, this friction being much
greater in amount than that existing be- 65
tween the usual knife edge and bearing, thus
acting to reduce the accuracy of the scale,
and to limit the sensitiveness which is at-
tainable under the given construction. My
invention relates to a means of overcoming 1Q
this difficulty by providing a stabilizing
element which is sensibly free from friction
and which leaves the scale unaffected as to
accuracy and sensitiveness by variation in
the position of the load upon the platform. 7i5
The nature, characteristic features, and
scope of my invention will be more readily
understood by the following description
taken in connection with the accompanying
drawing. 80
In the drawings: Figure 1 is an elevation
in partial section of a typical postal scale
embodying my invention. Fig. 2 is a view
from below of the, elastic tape used as the
stabilizing element, in connection with the 85
clam]) at each end thereof, by means of
which the tape is secured. Fig. 3 illus-
trates schematically the application of my
invention to the so-called "trip scale" or
equal-arm stabilized pan balance such as is 90
in common ase in trade.
Referring more particularly to the draw-
ing: 1 indicates the post which supports the
fulcrum bearing 2 in which the fulcrum knife
edge 3 of the beam 4 is pivoted. The beam 95
carries a sliding poise 14 and the usual scale
of graduations. The load knife edge is shown
at 5 and may if necessary be somewhat in-
clined in a direction away from the scale
platform 6, the latter being carried on a 100
supporting stein 7, which at its lower end
receives by a suitable clamp member 8 one
end of the tape (or wire) '•». The clamp
member 8 is seemed to the stem by means of
the screws 12'. The other end of the tape is 105
received beneath the clamp member 10 which
is secured to the base of the scale by means
of the screws 12. The pan or platform 6 is
so located as to lie entirely to the one side,
namely, that nearest the fulcrum knife edge, 110
of the load knife edge 5. It thus results
that tensile stresses only are produced in the
1,218,902
tape for all positions of the load on the
platform. The distance between the proxi-
mate fares of the clamp members 10 and S
is substantially equal to the distance be-
5 tween the contact lines of the fulcrum knife
edge 3 and the load knife edge 5 while the
distance between the contact line of the ful-
crum knife edge 3 and the line of entry of
the tape beneath the clamp member 10 is
10 equal to the distance between the line of
contact of the load knife ed<re .*> and the line
of entry of the tape beneath the claim) mem-
ber s . A pin may be provided as at 11 to
prevent buckling of the tape, in case, by ac-<
15 cident or from any other cause, the lower
portion of the stem supporting the pan
should be displaced toward the member 10.
Suitable means may lie added for perma-
nently securing the tape after adjustment so
20 that it may not be subject to the danger of
displacement through accident or shock. In
Pig. 2 the screws bv which clamp members
s and 10 are held in position may pass
through close-fitting holes in the tape or
25 may act to BSCUre the tape ends by friction
between the clamp jaws alone. The pins 13
may after final adjustment of the tape be
driven tightly into holes drilled completely
through clamp jaws and tape so as to pro-
30 vide a positive, and not easily alterable,
means of preventing slippage or displace-
ment of the tape during use of the scale.
The thickm Bfl and w idth of the tape are
chosvn so as to be suitable to the loads and
35 Service the scale will be subjected to. I do
not ui-h to Ik* limited to the use of a single
tape for the purpose.
It is to be noted that some elastic effect
will Ih- introduced bv the stiffness of the
40 tape, especially if the tape be made rela-
tively thick in order to withstand large
loads, but no difficulty will be experienced
on this iccotnri at the additional restoring
moment provided bv the elasticity of the
45 tfl|M* cun he coni|MTisntcd for by suitable re
du« t ion of the restorint; moment of the beam,
bv ndpMint; it- 'enter of gravity close to
Of even, if it should in rare instances prove
necessary, i>\ locating it Rbove the fulcrum
60 knife edge.
In Fig. 8 in which an equal-arm balance
i* shown. 4' is the scale beam having the
load knife edges at either end, each of which
support the stem 7'. a tape 9' being con-
nected to the lower end of each stem. 55
It is understood that it is not essential
that the stabilizing tape be below the plane
of the beam. The arrangement may be such
that the stabilizing tape is above the plane
of the beam or in fact in any plane except 60
that defined by the load and fulcrum knife
edges. In case the stabilizing tape lies above
the plane of the load and fulcrum knife
edges, the particular side toward which the
scale platform is disposed may differ from G5
the arrangement illustrated in the drawings.
In any case the disposition of the platform
will Ik- such that the stress introduced in the
tape will be in the sense of tension.
Although but two specific embodiments of 70
this invention have been herein show n and
described, it will be understood that numer-
ous details of the construction shown may
be altered or omitted without departing
from the spirit of this invention as defined 75
by the following claim :
In a weighing scale, the combination with
the scale heain of a load supporting mem-
ber pivotallv connected to the beam at one
side of the fulcrum of the beam, said mem- 80
her having its load receiving platform so
disposed with reference to said pivot that
the center of gravity of the system includ-
ing the said member and the load placed
upon its load receiver will always lie on a 85
given side of the vertical plane through the
pivot axis, said member extending away
from the plane of said load pivot and ful-
crum and a flexible tape so connected at one
end to >aid member at a point outside the 90
plane of said pivots and at the other end to a
Stationary part id' the scale as lo a iFord a free
port ion of the tape between the points of con-
nection substantially equal in length to and.
Under tension parallel with, a straight line 96
terminating in the axes of the above-named
pivot and fulcrum and perpendicular to such
n xes.
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